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(57) Abstract: A high breakdown voltage semiconductor device in which the degradation of the forward voltage is lessened, the 
life is long, and the reliability is high. The junction between the drift layer and the anode layer of a bipolar semiconductor device 
and a field relaxation layer thereof are so formed that they are spaced from each other. The end of the anode electrode is opposed 

to the semiconductor region between the junction and the field relaxation layer, with an insulating film interposed therebetween. 
When a reverse bias is applied, the junction and the field relaxation layer are electrically interconnected by the field effect given by 
the electrode to the drift layer between the junction and the field relaxation layer through the insulating film. As a result, the field 
concentration on the end of the junction is relaxed. When a forward bias is applied, the junction is electrically isolated from the field 
relaxation layer so as to pass the forward current only through the junction. 
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[0046] miic^-rmmmimmmtmrnic. :t—^^y^=i:y^^vm28a(Dm^Mt^ 

\^fc!^^28h^^A'0j2-AyX-:t—^yi^=^>^^hm28atmmm29^mm\^X\^^ot^ 

mTy—h^m.m28(D^^28h(Dj^i^v)K. mmmmK:^hy^<— m^^m 
m(Dm^tm<Dmmm29x^Mm\^x\ Ty—vmm28nmmm29(D±{z.hnm 

$tL-C*5«9. -eCDMi^f*. ^^ja^29^i^M^TJTEJB25t^|tl5/imM?'^o-C^[R]-r;5J; 
[0047] ^(DSiC-pin^-^^V:^— K^=ar^>'i5^-ry'(7)/^5//r— v?(i^^b-C^^«^g-Tr|fe 

Ty—}^'mm28t^y--h^mM3omKmmm^m\ii^mm}±^m^\^tit^sm4 

1 OOVT'feofCo ^(DiiSfmff f*T7—KS 23 lilJTEjg 25 ;?i5^bTV ^§tJe5fe#l5t<^ IWI 

TXl.fz.t^. T7~KS*28dS^ ry—KJg 23 tJTEjg25(Z)K(DllE^raif|522a(D^B 
i£^f;ii^^i^29^ifM.T^X.6«#^;i:f;i J;«9 . lRW$P22a(DKy 2260^® 
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^1500V{g;;6^o^Co 

[0048] ^mMm(Dmffa(^SiC-pmm^^4:t—}'l^m:lj\^i^lOOAXcrn<DmM^&X- 

:7hjg 22 tC^L-C,Smi5Lt-^^§(D-C\ ry— KS«28;?>S|fe^jjl29^ifM^-CKy:7hjg 

22tc^x.§m#3!j;^t-j;'9. mrm22aKm^^^B\^^^htixm~^^ (m^mm 

y—KJg 23^^T. ry— KJB23;$5^i-§Ky:7hS22C0^:^^iioT^;h.. T/— K 
g 23;0^^>«^e^ tZl^gl^tLfcJTEjg 25^tFRESURFjg 26 fti^ft /^^i^tL^^V \ 
-e<Dfci6^JBj^Pi(i^^bTTy— KJB23i:S^21i:CD^(DKy7hJB22f*3t;i^^L 
, JTEJi25^tmESURFS26i!, ^;K21^<Dra(^K!;:7hJi22f^{c:{i^Jij^P(&;5S 

[0050] ;^ll>te^!j(DSiC-pin^^i5^V:^--K^it^t-§fc2se)l;i. ^i^^Mm^(D, ry— KJg23 

i;iJTES25^^LT?#^bfcSiC-pin^'^^-f:^— Kl-jlR^lBlJ-lOOA/'cm'com 

o rtV{OTES25^5^:^^fi-^JA^-eJf^J^^$tL-CV^§fci^)^^Ky:7hjg22i^(D^^f|3 
t^j^Pfe;6S#<#iiU i(O^Pi^^6>iim^(^aJB^Pi^s^ftb. ^^20a^S^21 
^<Z)ra(DKy:7bJg22lcJ£;/ci-6<D^^^bi". ry— KS23^^;K2l^(ora(^Ky:7h 
S22(;it>mAbTj^|5(&^g;5Sit^Uii;^fB]«ff^Mb^5itfTLfc^i!lj:j;So)ii;^fBi 
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[0051] ^^^mmrnKXtll-i. :fU—^m^(DSiC-pmy4:t—V(DTy—h^mM28(Dm 

-^x.^m.mji^i^x'o. m^<4T:^m\Mm^2otjTEm25^mM.mcmmir^o 

^UT. JTES25^^■rJl|g;^fB]m^;a5^tb/c^v^J:5^-bTv^^o r;h.{-J:>9. mwm 

[0052] {{msMmm)) 

(^sic-GTo<DW'ffiEi-efc§o El^^*5v^T. Tmi^:^y—h^Mm3i(m2(Dmm)^ 

mi^33^m^^tlX\^^^o ■^^iy^r—^i^33(D±K. p'mSiC(D^—:^mi^34i)m 

m^ti.^—:^mi^34(D^^mm^^'9-m(DnmsiC(D^—:^m35^m^^thx\^ 
^—:^mm34t^—:^m35t<DmKm^3o(mi(Dpnm^)tim^^ti^o ^ 

i.f£\^^^i^xi-Dicmm^tix\^^o ^^—hmm40(Dmii^pmsiC(Da:.^y^m36 
i()mm.^tix\^^o 

[0053] nmSiC(Dm^32\'i^m<^M&i!)n X 10''cm'\ i¥$;0S3OO n TnX:h^o ^^-y'7r 
—%^^33\i7f~mPkM.Wi^3 X 10"cm"\ W.-^-b^2. 5 ix rciX^^. :^fj:^34{i 
^Iffii^^S^O^SX 10''cm"\ i?:$150ju m-efc^o ^—y^M3m7f-mb^Wi^\ X 

m-efc^o :^^^m^'^mc\t.^—:m3^(D^mi^hm4. Qiixxmf\rcyfmmm.m. 

ii^3. 5 X 10''cm'\ J¥$^5o. 7 ju ;ft$;5S^250 ju m(DnSSiCOS#i^^PS'e 
fc6jTES38;55^:^^^rr-^5^;z^g^-e?l^j^$tbTV JTEji38^-<— v?.M^34i! 
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mimm39^^\^xM\^ir^x^KmM^tix\^^^o ^jTEm38^^hmtifcmi^m^ 

[0054] ±m(^mit(DSic-GTo^^^^^^4:f(D^<iy^—i^Kmmu BBimmxmim 

nmm(Dm^x^mi^fc<Dib^^i^^^'^^nAi.x'^mi^mm^mmir^o 

—hmm37t:ijy—vmm3imiam:ff\pii(Dm&^m\\\^mm)^^m^vtct^^. 

m 1 3 lOOV-efcofCo ^(^llMiE WTEjg 38^^— 35<DC§|3 Kl^ir^X^ KM 
[0055] ;^ll>te^!jcDGTO-eii_hWB<^j;5t-T/— Kfl;^37i!;i7y— Kfl;^M3lP^fcjig;^fB](D 

mm^wuau m^^^Ty^mm^^m^<DL.^\, ^immx.^t^Ty—h^mm37(Dmi^ 
m^hmum39^^i^x-^x.hti^m^^m^x'o.^—:^m35(DiQ^tjTEm38 

fci^mmm39iizm ^mmT&m^^nmsicicRmu nmsic<D^—:p^m35tnmsi 

39^^hm ^U^i^^^^t-r^o ^(Dfci!b-<—y^m 35(DmX<Dm^M ^ i!)m^^ 

[0056] ^mMm(DGTOtit^'f-^fc)!b. ^—:^m35tJTBm38t<DiiLmm^\-t^MM 
^!li!l^C-e. Ty—}<^m,m37(Dm^^m3(DM,B37a<DiiLm'^Xl.f)^fj:\^ ^^(D^m¥ 

—}''mm37^jTEm38icM\^ir^i^m'^xm^ir^^t{cx^mm)^^±mi^m< 
x^^^tf)mm^tif:io 
[0057] ^mMm(DSic-GTO(DTy—}^mm37t:fyy—]^mm3imi^m:^\^(Dm}^^^ 
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:^\^m}^<D±M-^^{i^t^\^<^ii. ;2^llii^!l<DSic-GTO-ej*, :t>"Jikm(Dm:^\^M. 

[0058] m3ic^irx^\c^—:^m35}jTEm38t<Dm^ir^m^mfTi^. m^^i^vx 

ff^j^feb/' SiC-GTO (t^5fe(DSiC-GTO) ^CoV^-CH3^f^^9-Ctjfc0Ji-§^. HR^^I^q 
m^f*^— ;^Jg35^tjgTEjg38^, S^32^(Dr^<D'<— ;:^^:^34CDt5}^^:^^ 

mn^ojTEm38\t4:tiyn-h7i,^mxj^^^fi^(Dx^—:^mi^34t(Dm^'^3 
oaKit^<(DiKm^^ir^o ^(Dx^K:>zm(D^\^^m^^30a^mm7!)mti^tm 

miKm^^hmmxm:^m^u -<-:^m35tmm32x^-^tifcw^<D^—:^mm 
34 izhiA±i.mAir^o ^(Di^^^—:^mm34<D):Km,m i^m^\^m)±^'^^[:mm^ 
^-\^xm:f7\^mm^±^ir^o 

[0059] :Z(DmM(DGTO^m¥\^X^ «^^gSlOOA/cm'cDjlK;^fB]«^^20^ra^i- 

mm^i^fco ^(dwwz. mm\M.^4. 6vx:h<^tdm:Jf\^-mm>2ommma^ii. 4 
vKm:k\^fco ^tbf*. m^30aK^<<Dxm^^ir^jTEm38(Drm^^cfcm 
mxmt.^-^m35(Drm^'^\:^timmx^t^mKKmAi.^ox^^^m 

\^mj±mm'm:ku sic-GTo\f^^x<Dmm7!)mM\^xmmxuB<Dm.m^^^i^ 

^(DX^icnM(DSiC-<iTOi'±-<—::^mi^34^xmMXm-if)^^MiA±ir^f:iib. 
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^i.:^i:\^^mpjfKm^mmmm^M^\^xmummK^m\^GTom^7^mm^ti 
^^t^^h^o ^mK^hf£\ ^m^xh^—:y:t^-^mts:-^mmnm^m<ti:oxi^ 

mmmtth\::i&<fj:-oXip<t\^y^^tm^^m^^^tjb^x^^o ^/c. :t>'^—h 
mm^^mMir^t\^^^^mM^m^^^t7!)^x^^o 

[0062] i^±(DX^ :^mMmi^Xtnt^ SiC-GTO^;l^^ V MiH;^iB]mffi^N]*nbfc^f;i 

[0063] {m4mmwQ 

sFET(Dmmmxh^o mi^m^x. ^m^M&i^^i x io''cm"\ /y^^ssso m(D 

MSiC040(D7j?-7^VS51, 52, 53, 54;$S^::t->'4T-^ji^fi^W-e?l^^$:h.TV>§o 
^^t'VSSI, 52, 53, 54i:, VVyhm42t<Dmi^1^-^75a, 75b (UlCOpn^-a') 

[0064] Ji?7'VJg51(;i{*^Mi^MS^5l X 10''cm'\ ff^^SQ. 6 ^ m(Dn*MSiC(D20(Dy 
— ;7!^ji61, 627i^4:t^^n-hT2^^^mX^^:^tlXV^^o mmi^L^X. :^'T^m52K 
{*20(Dy— ;^jg63, 64dSjf^j^$tl.TV^§o ^'7'VJa53, 54{a^^tl^^tiy—:^M6 
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[0065] y— >'^m^^71— 74{*loOy— ><^i^^^80{cl^^$tbTV>§o ^—hWBM^KDAl 

ms2tmnhfix\^^o ^—vmBm:93(DAi\z.n.^ mmt^^fi^fiy—::^meA^ 
Qb\z.n\^'r^^—vnMs3fiWinhfix\^^o ^—vnMsi. 82. ssf^iotDy— 

h)i^^9o\z.mw.^fix\^^o ^i^(^s$f*^2/zm-e$)§o y-^(Dmm(D'mua^^ 

■T'VJgSS, 54;0^^>^tt^^tt^6jumilbT^|iei^i^S;0S3. 5X10"cm"\ m^t>^0. 
7ju m, :fcq&;^fRl(D;S$^S^90jLt m(Dp"MSiCOfl;#igfpJg-CfeOTEJS48a, 48 
h^^fl^M:t^^fS%Th^m^X'j^m^X\^^oZTY,mASsi. 48b^#-7'VJg53, 5 
4^^p5ili-t(rfE6 m(D^m\i. 1^0. 3 ^ m-et)#fcPp1M«^ce^^ofCo JTEjg48a, 4 
8b^. Ky:7hJg42i:0^tC^^85(^2<Dpn^^);5S^^$tL§„ Mi^JTEJB48a. 

ASht^h^fl^fm2b IX TamfVX^mmm&i)^S X 10''cm''cDn'SSiC(D^-Y^/V 
S49a. 49b^-r:^^^fi-^3i^SW-e?l^^LTV ^6o 

[0066] JTEjg48a, 48b(D_hB^-^tP^i^(DMIH(D'^£tP, ^i^#Jffi59a^tJ^^^i^_hB(D— 
§|5{«tb^*t^J?$/^|5<5^^-^i^i^i^91-93J;l9f*^;0^^Ci?:v^, 25 m(D^{bJ^ 
^^t^mWm^Oa. 50b-e^ab-Cfe§o y-^m^^73. 74(D«§P«^tt^'tV^lb 
j^50a, 50b^^U-CJTEjg48a, 48b(Di^;?)^^ltl5 ju m(Df5iai->i?ffB]i-§J;5f-® 
;S$tL-CV S«41(DTB(-}* K W>^«ffi79^S|^ftfetL'CV >5o 

[0067] i(DSiC-MOSFET^d^-r>'i5'-r:7°<D/-^5/<5r— ^^#J3g-eM«Lfc^ 

-<D^^#:^g(Dy— y^iS^^80^KW>'«^^79raidi!I^fB]<DSff^^;(JPbTi» 
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-efeofco ^mMm(DSic-MosFE,TKm:^\^(Dm&^wuai.tit^. y—:^mm 

— ;^m*73. 74;e)^^>^^T'VjB53iJTEjg48a(DF^(DK!J:7hjg§|5^42a. ^tF^'^V 

Ky:7beg|5^42a. 42bC0^^j^50a. 50blc:3ev>*®3£#;6SpSSiCfc:^teb. 

y'ViS 53OTEjB48a, RXf^T^^M 54tJTEm48h^^^^n^^nmU^i^i^W:^ri 

5>42a. 42h^(Dm^M^^^M^^fixm^^wmm^mhti^^ticfj:^„ 

[0068] ;^:|IM^J(75SiC-MOSFETi!Jt^i-Sfcfet;i. |g4(D«^t;i*DV^T. y— >^«ffi7 

3. 74^. -?rti-?'tbB|(D.'^.a73a. 74a;5^^>i51^#J--{»j^-&-f . Ky:7hjg$|35>42a. 

J±{^;2^||Jfe^r|cOMOSFET(D3650VJ:«9 1350V'(g;V \ 
[0069] :^mMW^\(DSiC-MOSFE,T^m^^Xmf^ir^MM^W:tVX(D3m<D4>'^<—^ 

t;iov ^Tj^Tt-t^^e^i-^o i2i5fijiL^mM96(Dii:^^3^3^^5^m;^ t-^m-r^-r^ 

^<—^(DX<^htlf:im^mXh^o 6^(Dy^-y^>^m^98i'i. ;2^|llteF[IOSiC- 
MOSFET-e$>6o ;^^5/^Vi5^^T-98a, 98b, 98c(D^tl^tl(DVU4>m^79i'i 

W.V^MM96(DiEi^^iz.mM^ti. y—:^)^^80li:^4iy^:y^^m^98d, 98e, 98f 
(DKW>-®^79fC^J^$tt'CV^^o ;^-r5'^^i5^'^^98d, 98e, 98f<Dy— 

80itw:mmM96(Di^m^Kmm^nxy^ y-h«^^9o«ig^^^^iii&bfci!E^ 

(D^J^IlIje&(c:^^$;^t:5o ;^-r5^^^i/*^^98a. 98b. 98c(D^tb-€tKDy— 
^80;0^^>3o(Dm^^97^Sigtl4$tL-CV^^o 
[0070] ;2^^ii^rI(D|l|4i^^-rSiC-MOSFET-ef*. J^K^VJBSl— 54^, Ky:7hJg42, ;^ 
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[0071] m5K^i--(:y^<—^^mi¥vx\^^t^^ mmmmm^(DmmKxv. "tn^^n 

U7!)mtl^o ^^4^—}'^99^mJj\^i^Utl^Mm^. |l|4(DSiC-MOSFET{;i*DV> 

-So 

[0072] iii5ic^i--r^-^^— ^^«^b/c;^^^t^[|(DSic-MosFET^^*5v^-c. m^^S. 

Ky:7h«42rt(Drt§Pi5^^;^-K(;i^Jgj^Pfe^s^Cfc^^l;ij;§„ 

[0073] |l|4{c:^i-SiC-MOSFETi!iiiK(D«^-e, JTES48a(D;feC^M;RbT)!j^'7'V 

jB53t^SggL^^oJTEjg48b(D^i^^M*bT^^^ViB54(^S^Lfc. 

m<Dmi¥W:itio. 5V};i_h#LfCo ^oJiK::^fB]«ffiio. 5Vf*, ^mMm(DSiC-M 
OSFET(Di^'^(DtiffB4. 9Vj:«95. 6V^^;5^ofCo _htEt^:<tB"p(7)«;?^-e{* . ^^^V 
jg53^TEjg48a;0S^^^$tt^^o^^y^VJg54iJTEJg48b;0S^^g^$tbTV^§<D-C\ 
|l|g;^fB]m^f*, ^'■T^VJBSl— 54^t;?JTEjg48a^m8bi!, ^;K41^(^r^(DKy:7 
hJB42^^tt^o -^<^fc^?)-r:^>'^^A^T'?l^^$^^T#<(D|^^j5^P^&^^t-SJTE 
ii48a. 48bi:, S«41i:(Dr^(DKy:7hjg42rt-eil«4'^^bfc®ji^|5lS;0S|^§|5y 
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[0074] m5C04>^<—^m^C0^'74^4—/l^^^4:t^}^^t\^X. :^4^y'f->^^^^98\cm 
[0075] &<±(DX^ ^mMm i^Xtlit. SiC-MOSFET<Djlg/-<-rT;:^Sii;05^#V ^t^ 

^5/J^$v^i:t^c^^M#^m^6^^^5^glLTJTEjB48a, 48h^m^\^x'm^:^mti 

fe^o ^(DMtL'Xit. IGBT, SIAFET, SIJFET, GTO, MCT(MOS 

Controlled Thyristor) ^ SiCGT (SiC Commutated Gate Thyristor) ^ EST (Emitter 
Switched Thyristor) , BRT (Base Resistance cotroUed Thyristor) :^^ifCO#®CDSiC 
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[0077] m4mmm K^vtcyM^^—^'^mw^mmtvxmi^ir^u^^ 

^>5/:7°^a»f^^g-efeS. JFET. SIT#(Or7^K^V:y:7°^^#:;^-r:y^:/^^¥^ 

MPS (Marged Pin/ Schottky)^V;^-—K4oj;tJ!JBS (Junction Barrier 
Controlled Schottky) ^^'^^Xh^o 
[0078] {-iSiCiB>^i^(DGaN^^-ri'^^K#(Dm(Dr7^K^^5^:/^^^-e«^b/c 
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mtmi(Dpnm^tmmm2(Dpnm^t(Dm(Di¥-mmMm^.mM.mmm^^i^ 

[2] ^u^^-y'^mi^m^ti.xmi¥'r^pmRxj^nm<Dmmm(D'^mmMm^^u 
mm^^mi^mm^mmm^^}^'r^mi<^pnm^. 

mmmi<Dpnm^<Dii^m^hmm\^xmm^mi^mm(D-:ij(Di^mi^mmm^ 
mnhth. mm-'^<D^mi^mm\^xmm(Di^mmMm(Dmmmti^m^j:^mm 
m^mu mmmm(D'^mi^mmt(Dmim2(Dpnm^^^^ir^m^m^m. 

mmmi(Dpnm^^^m.ir:5m:^(D^^mi$^mmicmm.micmm^tb^tthic^ 
mmmi(Dpnm^tmmm2(Dpnm^t(Dm(Di^mi^mmic.mm.mmm^^\. 
xM\^ir:5mm^<4yi^—y'^mi^mi^(D'mi^m^tf^^mi(D'mm. Rxf 
mm-jf(D^mmMm^mM^tifcm2(Dm.m^<i^-ts:<th^u 

mmmKDpnm^^t^^mi^mmi^^^m^^^v^^x^immmKDmmtm 

xmmmi(Dpnm-^tm2(Dpnm^t(Dm(Dmm'^mi^mmi^-^K.^mmj}Mzi^ 
^^.mmmi<^pnm^tm2(Dpnm^t^'mm.mmu^mKir^^t^wmtir^ 

[3] pmx\^nm(D\y^'rti^^-'^(Dmnmxh^mi<Dmnm(D^^i$imtmi(Dpn 

m^^nmir^m:^<^mmmxh^m2<Dmmm(D'^mw-m ^^^^-^mxh^. 
mmm i <Dmmm<D -^mi^m t-n i (Dpnm^^^hmm\^xMm^tifcm2(Dm 
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[Bib. mm?i'^m(D^^mwm\^mm^tifz.mi(Dmm. rxt 

[5] ^<-(:^-9^mi^m^ti.xmi¥'r:6pmRxfnm<Dmm.m(Di^mi^mm^^u 

mmmi(Dpnm-^<Dmf)^hmmi^xmmm(Dpnm^^nmi-^m2<Di^mw^ 
mmp^i^mnhti. mmm2<Di¥'mi^mmtm^j:^mmm^mi^xm2(Dpnm^^ 

mmmi(Dpnm^^^0.ir:5mi(D^^m^mm±imm^tifc.{}^^fj:<thi-D(D 

<Dpnm^t(Dm<Dm2(Di^mi^mmK.mm.mmm^^\^xn\^ir^mi<Dm,m. 
mmmi(^pnm^^M^'r:5mmm<D^mi^mmi^Mm.mmm^titm2(D 

MM. 

mmm2(Di^mi^^m<D. mmmi(Dpnm-B-^mir^m(DM\^mKmiirf:i. mm 
m2(D^mw^mmm^£^mmm<Dm4(D^mi$^mm. rx^ 
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mmmi(Dpnm^^^mir^m:ij(Dm4(Di¥^mi^mm^mumi'^mm^titim2 

mti<p^£<th2-D<Dmi<7)pnm^<Dm(D'^mi¥mmc.mmm^^vxM\Hir^ 

mmmm:. mu-:t—^-y^^>^^Ym(Dm\^m^xwxM(Dmm^^^xm 

[9] m^mi(Dvnm^mmm2(Dpnm^t(Dfm^mi^nmKmMmmm^ik\. 

xy^^^-r^mm^KDwmit, mm^2(Dpnm^^i{^)^'r^n.^imm\z.mMM 
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[11] /w^-^^^#:m^tbTibf^-r§p§u. Rxj^nm<Dmm.m(D'4-mi^mm^^v 

mmmi(Dpnm^^^mir^m:ij(Dm4(Di¥^mi^mm^mumi'^mm^titim2 

mti<p^£<th2-D<Dmi<7)pnm^<Dm(D'^mi¥mmc.mmm^^vxM\Hir^ 

^mmm^ti.xmK.^m^mmo 
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